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(57) Abstract: A method for producing a silicon ingot having no flaw over 
a wide range of r^on with stability and good reproducibility, wherein when 
a ^Hcon ^ngle crystal (1 1) is pulled up torn a silicon melt (13X the shape 
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(13) and the silicon single crystal (1 1) and the temperature distribution on 
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(Step 4) 5l#±Jf/cigS«rlS£;^|Rl»c§JWrU. i)(:lifeS©5)-qf|T=Sr^^iiiii-5„ ^ 

(Steps) (Step 4) •C©MISm«:@9JC#M LT. ®©ii5 $RtJ«JS 

^Bm^(OG^miEi3:mA\z.mm.^^^WL^m\:^. s« (steps) «:fT5o 
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a^SaCil 210 mm. /uryi^mM2 2 4>^Xt>i>3\^±if^W(OWi^yicm^ 
[^2] 













-5. 7 BHB 


2. 1 'C/om 






47.0 mm 


2. 7 'C/mm 


*3f«t« 2000 ;tf!>:^ 


a 8 Oifefi 1 


+14. 7 nm 


2.82 'C/nm 


;JcJWK« 3000 if^^ 



Sl^jgStt. 2 4*»b3 2ppma ( OLD ASTM. F 121-79) Xh^„ HI 6 . 7 . 8 

m^mm(Oi^n:^]pncisn^mizi^st v dis,maxt<Dmxh^o av = v 

osf.min- V dis.max AV Ttt^jEXh^m-^Oi^mXf&l^^ibmh 

±m\^MV. V osf.min t V dis.max^sp^ffi V;6S:*C# < S f3c 
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[^3] 





V osf,min 


V dis»max 


V 




0.320 mm/min 


0. 317 mm/min 


0.003 mm/min 


m 7 cOi^^a 


0.462 mm/min 


0. 460 mm/min 


0.002 mm/min 




0.482 mm/min 


0.452 mm/min 


0.030 mm/min 



ii:mmVimtVXtiis m'¥<Di^M<D'pXh^^1/'^^^^m^y> 0.01 mm/min) 
ii-^^V osf, min t V dis,maxC03j^i^|^V<D^^ft||}65^$^^TV^5. ia9*5j; 

09. 1 Oi)^h. m^^f^<OWi^ii^ 10 mm &.±Xh^t^. mX^^^^i)^^ 
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ym^xh-oxh. T^^mm mmm) tmm. mm^m(Dm^^um-t^:L 
ta^x^^o 

'b(Dmm^m(o^^i ici:*)i^m^^xmnvtz(Dxh^. ^ti. 

•5#5o b*>b. ^<z>4i-g-t>. B9, 10 x^^tii>xo^£m\^nmn^fi. 
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it^#«r^^lcmoJt:/S:-rr i:;6S■e#5i:V^5 w^tcfi. 'fprt>3g*>«J ;dS/iV^© 

(Step 1) *-r> 139, 10Sr#figL-C. mM<Z)fig:gii^*5j;Ot^gii£^Off^ 
l&S (AV) oiaP>^/^>£^*^■r6o 
(Step 2) i^-g-fefRifSl^fJciD. ^Oi£^©3fe^fl8®<0 G Sr#5 ^J^^/ h 

(Step 3) (Step 2) T-^^Lfc^^iX h^-^^ KX , ±ifm&^^^ 

(Step 4) 3\^±iftif^^^m:^j^i^^mv. xfi^m(r>^m^wm-r^o ^ 

*5 Jt 5 #so $ sr wffi-r 5 „ 

(Steps) (Step 4) -e©Mjfe;^S:09lC#fig UT. M^ffiiOiiS ^AtJ^Jfe 
^1ll®0?GS:jgiEJ&|5Ktci|liE-r5^eSr^C. (Step 3) SrtT9„ 

igftMli 210 mm, /vyii^^rtMW: 22 >f @?K#flBtiS*ti -5.7 mm. 

J|$SffiiaD<^mjP^gBHt 2.1 'C/nm-C. flSaTO'SiU. ifefilHl«Kl9cr±12rpm, /W^ 
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^(D^M^Wns la9^c*5^^T. fP^^;giiit AV:d5]EW^*i!c(i:H:^e-r5 

ife^EHH: 210 nun, /V^' JJ^rtiC^tt 22 i^^. +13. 0mm. 

^^ffi!l®<Dja^^iaji 2.82 *C/mm, 3000 ;tf •>;^(D7K¥fi$^M, ife^HlHlfeic 
ttl2rpm, /\^y^mmmfii^^mmtm:^mi^ 1.3 rpm . ^V^5^<^-CiK*Sr 

U-CfcO. S^^iiSH*3j;-ie26 ppma -efc5„ 

Jfii^r±0.43 ±0.01 mm/min -e$)ofc„ 0 9K:*5V^T. ff^ 

~32 ppma ( OLD ASTM. F 121-79) Xh^o U*>L. :^?tm^hfi. WtMM& 
^ 24ppma^Tt Lfci:^. 0 9 (C*5{t ^SMlXlifeigfB*^^ ^>tl'5ff^?l # ±»f 5^ 
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Se^jtt^ri 210 mm, /wy^f^U^tt 22 >f ^-^^ @^#ffiii5$r± 14.0mm, 

f^^mm(om.§t^m\iii 2.82 nc/mm, tk^ik^ 30Q0itf^:^<Dmm^M. t^^^ 

^itli 12 rpm. /W5'x}?IlIfe|^«3^^lH]fei|^;^fpI{C 1. 3 rpm. 5 ^ft^-OiS 

;5SoTi3»). *i:5(:S&^l^<D#btb65l#±tf3i^«5iat> 0. 56-0. 49 mm/min t 

oV^Tri lida f>(D#^:65i5>5„ ( IL lida, W.Kusaki, M.Tamatsuka, 
E. lino, M. Kimura, S. Muraoka, "Defect in Silicon III" 
Electrochemical Society Proceedings PV 99-1, p499 )» *fc. ^fflb 
¥11-199386-^4^^) r±. ife^««}JS24ppma fiilTtD^-^lCiriv ^^fS OSF 

«RjxL}^. 780t:-C3i^ra:r7;^iooo'C-ei 6i^ra (Sfe^#ffl^ ) t^MftLSf- 

Stma^ 24 ppma gtT-Ctts OSF ;65|g^U*V^;l t *S<||5, -tUT. OSF jJS^I 

Vosf. min V dis, max T'feofc t><Dj6^ Jj?^ K^RSd^^USi&^g:?! t± 

tfiia^ V void, min t Vdis. max mmm0k9^i:*) lA< f£?>:i t 
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So 

^ttS<K5ti-sr^;a5pr|gjc:/j:5o ^g^oT. iixtf. ife^o5l#±' 

fliX*t>E^ 2 0 0 mm©»>ai/Nffi|^©ikT365te-5cPfe(D^igE:iS 5 5 %iU±#i9Ei- 
5^^/rf5, h^ii}t-rs^i:;5S-Ct5 (019) „ *^c. (2 5 0 0;(/i> 

7 o%et±t>#^Ei-5>r:^=i'5' hSr^aicjKiit-sr tjjs-r-ts (021) , 

#5„ Cittfi. (SKm^S«>;'cP€l'J^i/N^Mit-r5m^'bl^«lTfc-5 
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*5 4 o%&±^^-t?>^>=^^y htmm^mm^tixii^^) » 



WO0im069 
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i^v =^ys^i^^(Dm!^x*ih^mmfi'm<oj^iikt. mui^v =iy^m^(oi^^m 
m(Dm.m^mt. ^mm-r^^tKXoxmii^mmm^^iji^v=^y^y=iy 

mU(D3\^±if:^[^(Dm.m^m^m^'t^-tiz2:^xno:it^wi^t-r^ 
<7)^ffl^3m«K©;^&o 
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(I) ife^<Z)5l#±ff3t*^V(mm/inin)<5: P ^ ^'(Djife^.?!)^?) 1 3 0 0 1: 

^ttTb^O. 2 0~0. 2 2mal'rCminttS:^i.0i^Mm-t^:Lto 

(II) mi^(D^i^Gi^3X:/mB^m-Ch^ . Gedgei: G center *S 1. 0 'C/mm 
TicSI-efcSri:, VS: Vosp.,„,. ±0. 0 2 mm/min »C^J|il-r5 ::: t . ^i^VS: 

V osFci.,, ±0.01 mm/min {c^^-T^^i:. ^m^. :^^mmx'^(DmmBk&t>> 
2oooG&i±<ommm^-t^:it G edgeti. f^^mmm<om:^mwi^ 
^iB©¥*&-e*)5„ , G centertt. t^^'p'i^m<om^i^m.s.^m<DW-i^xh?>„ 

V OSF close 51 #±rfi^«Sri^iJ?>$-frX Wo ;fct#tcosF V^^i^mm-T 

(III) V (mm/min) ii^f^^(03\^ ±ifm&. G CC/mm) ttv-y 

^ga©3pi^1S, Gouter«:ife^©^fll!lffi{C*5Jt5G|i[, G center «/g^4''i>Jc:i3 
itSGmx-feS^ LX. ^^tf'L^^gtig^^^*X(Ofi[mi:(Z)^(OV/Gffi 
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= 0. 16~0. 18 mm^/X: • m i n tV^ G outer/ G center^ 1 . 10 

1 0. ^3^^^m]^(D'^mmxffii^^mt^5 5% (i>'y = w>'=fy h±M 

1 2 . ife^^^A? 2 4ppinaijiT-^. ^ :^^^mp^<D±mmxm^mm^ 4 
0% (iyy av-r h^:gfc*r-rs;S$oit^) ijt±#«E-r5P@2 0 0 

1 3. CZjfelCioTv^y 3>'i»»tJ6^P>i^y 3>'^ife^S:5l#±rf5^if- 
1 4. cziEfelcio-rv-y avaacA^bv-y ='>¥^fB<Sr5l#±tf5(cife 
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